Abstract: Telecommuniciation technologies, including audio and videoconferencing facilities, afford geographically dispersed health professionals the opportunity to connect and collaborate with others. Recognised for enabling tele-consultations and tele-collaborations between teams of health care professionals and their patients, these technologies are also well suited to the delivery of distance learning programs, known as tele-learning. Aim: To determine whether tele-learning delivery methods achieve equivalent learning outcomes when compared with traditional face-to-face education delivery methods. Methods: A systematic literature review was commissioned by the NSW Ministry of Health to identify results relevant to programs applying tele-learning delivery methods in the provision of education to health professionals.
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Results:
The review found few studies that rigorously compared tele-learning with traditional formats. There was some evidence, however, to support the premise that tele-learning models achieve comparable learning outcomes and that participants are generally satisfied with and accepting of this delivery method. Conclusion: The review illustrated that tele-learning technologies not only enable distance learning opportunities, but achieve comparable learning outcomes to traditional face-to-face models. More rigorous evidence is required to strengthen these findings and should be the focus of future tele-learning research.
Telecommunications are increasingly being used by the health professions to deliver health care services and to exchange health information across distances. Telehealth, tele-collaborations and tele-consultations are contributing to improvements in the quality, availability and efficiency of health care services to distance locations. 1 Telehealth, for example, enables existing forms of interactions between health care providers and recipients to occur at a distance, through the use of telecommunications.
2 Similarly, distance learning methods utilising telecommunication technologies are helping to overcome the challenges of engaging in traditional forms of education across distances. Referred to as 'tele-learning', it involves making connections among people and resources, and transferring images and voice data via communication technologies, for learning-related purposes. 3, 4 Like telehealth, tele-learning utilises telecommunications to connect participants, helping to alleviate barriers to accessing learning opportunities and enriching distance learning experiences. The relative ease of use and availability of telecommunication technologies means that audioconferencing (teleconferencing) and videoconferencing are well established and frequently used communication mechanisms for staff in the health sector. 5 For the purpose of this review, the term 'tele-learning' describes the use of video and/or audio-based technologies for distance learning purposes.
Enabling collaborations between geographically distributed health workers makes the use of telecommunications especially relevant to professionals working in rural and remote areas. 6 NSW Health has made substantial investments in telecommunication infrastructure, making tele-learning more readily accessible within education and clinical facilities, 7 although it should be noted that the financial implications of tele-learning were outside the scope of this review.
This review sought to establish whether education using tele-learning methods results in equivalent learning outcomes when compared to traditional face-to-face methods. The review was commissioned by NSW Health to ascertain whether there was an evidence base to support the use of videoconferencing to develop and deliver educational programs to health professionals (videoconferencing being one way of enabling clinicians working in rural and remote areas to have access to continual professional development and educational programs).
Methods
A systematic review was conducted to identify literature relevant to the use of tele-learning technologies in delivering education and training materials/programs to health professionals. A review of abstracts refined the results to literature reporting on learning outcomes achieved from tele-learning interventions. Researchers and review stakeholders from the public health sector collaborated in the formulation and refinement of the specific review questions and search parameters.
Review questions translated into the following search terms; videoconference/ing, tele-learning, tele-education, telehealth, telemedicine, teleconference/ing, audio conference/ing, videostreaming, education, learning outcomes, multidiscipline/ary, face-to-face, professional development, continuing medical education, distance education, distance learning, podcast/ing and vodcast/ing.
Information sources
The following medical and educational databases were the basis for the search: MEDLINE, Cochrane Database of Systematic Reviews, American College of Physicians Journal Club, Database of Abstracts of Reviews of Effects (DARE), Cochrane Central Register of Controlled Trials (CENTRAL), Embase, Cumulative Index to Nursing and Allied Health Literature (CINAHL), PubMed, University of Sydney catalogue search (Summon search), PsycINFO, Educational Resources Information Center (ERIC), British Education Index (BEI), and Google Scholar.
Reference lists from original articles were utilised to identify relevant literature and two frequently cited journals were searched by hand: Journal of Telemedicine and Telecare and Telemedicine and e-Health. An internet search for relevant literature, including grey literature sources, was conducted using the Google search engine and other government and education databases.
Inclusion and exclusion criteria
The search focused primarily on the education of health professionals, but also included tertiary students.
The review included both synchronous (content delivered simultaneously to face-to-face and tele-learning cohorts) and asynchronous delivery models (content delivered to the cohorts at different times). Studies utilising desktop computers and the internet were included where the technologies were used for televised conferencing, including synchronous and asynchronous streamed lectures. The review excluded facilitated e-learning and online education models such as the use of social networking, blogs, wikis and Blackboard TM learning management system software.
Results published prior to 2000 were excluded from the review as it was considered they would not incorporate the technologies currently available. Other exclusions included: papers discussing education and training interventions at lower than bachelor levels; health care delivery via telemedicine; and papers primarily focused on the technical specifications/IT equipment requirements for videoconferencing. Due to the relatively low number of randomised controlled trials and other rigorous methodological studies, searches were not limited, in the first instance, by study type. The search included qualitative, comparative, observational and evaluation studies, randomised controlled trials and systematic reviews.
Results
The search retrieved 47 records. Of these, four randomised controlled studies [8] [9] [10] [11] and nine comparative studies [12] [13] [14] [15] [16] [17] [18] [19] [20] were identified as measuring learning outcomes of telelearning versus traditional face-to-face education. The remaining 34 papers were either descriptive observational studies or did not measure tele-learning versus face-to-face education and so were excluded from the review. While the 13 included studies (summarised in Table 1) reported comparable learning outcomes achieved by the delivery methods, the scientific rigour of these studies was not strong; this needs to be considered when drawing conclusions from the literature. Many of these studies noted a failure to control for variables such as participant prior knowledge and ability, instructor experience and methods, and instructor and participant familiarity with technology.
Limitations also included small sample sizes and nonrandom selection of participants. As mentioned, studies focused on health professionals and tertiary students.
Two of the randomised controlled studies 8,9 compared traditional didactic institution-based lectures with interactive synchronous videoconference lectures. Both studies found no significant difference in knowledge acquisition or learning outcomes. In addition to the synchronous delivery of a lecture via videoconference, one of these How does tele-learning compare with other forms of education delivery? studies 8 delivered PowerPoint materials to remote participants via the internet. The first study 8 involved 110 surgical clerkship students, however only 12 of these students participated in the videoconferencing intervention. The second study 9 involved 15 community nurses, with the low sample sizes attributed to recruitment and facility capacity limitations.
One study compared the learning outcomes of 95 medical students allocated to either attend live lectures or use the internet to access and view the streamed lecture on a desktop computer. 10 The streamed lecture consisted of a PowerPoint presentation with optional audio accompaniment. The delivery mode was asynchronous, meaning that students could view the material at any time and there was no interaction between the lecturer and student. Summary post-test scores were almost identical (10.8 vs 10.7 out of a possible 16 for online and face-to-face modes, respectively); no statistically significant difference was found between the two modes of delivery.
The fourth controlled trial 11 compared face-to-face lectures with a digital lecture format, similar to streaming (but using the previous year's lectures sent to students in CD-ROM format), to compare performances of 29 third year medical students across two courses. Again, mean exam results for both courses were very similar between those who attended the face-to-face lectures (achieving 4.42 and 9.25 respectively) and those who utilised the distance learning format of the lectures (achieving 4.88 and 9.0 respectively).
The nine comparative studies [12] [13] [14] [15] [16] [17] [18] [19] [20] further reinforced comparable learning outcomes for face-to-face and telelearning delivery formats. Of note, videoconferencing was the prominent tele-learning method utilised by the majority of the comparative studies. Studies involving participants from multidisciplinary neonatal care teams, 13 pharmacology, 15 medicine, 14, 16 and nursing 17 all demonstrated that there was little or no difference in learning outcomes when comparing traditional classroom instruction with distance learning via interactive videoconference. While a study on mental health training for workers 19 based in rural centres found significant improvement in knowledge for the videoconference participants, similar learning outcomes were achieved across both groups.
One comparative study 18 assessed multiple tele-learning methods, including simultaneous videocast of the live lecture, simultaneous audiocast of the live lecture, and a pre-recorded computer-based format, with the live lecture format. Significant increases in knowledge gain were demonstrated across multiple delivery modes with evaluation of user feedback showing similar levels of interest and acceptability.
Another comparative study 20 of a large national immunisation continuing education course for the public health workforce in the United States demonstrated comparable outcomes for classroom and distance (satellite broadcasted) trained participants. The study concluded that classroom and distance delivery methods have comparable outcomes in continuing education and can foster the implementation of practice guidelines and recommendations.
Most of the included studies reported qualitative participant satisfaction results. In terms of satisfaction with telelearning versus traditional face-to-face education models, participants routinely reported a high level of acceptability and satisfaction with tele-learning delivery models 11, [13] [14] [15] but a preference for traditional face-to-face models.
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Discussion
The literature indicates that tele-learning can provide an effective means of delivering educational outcomes for health professionals.
The majority of the available literature on tele-learning is descriptive or observational. This review focused on randomised controlled trials and comparative studies. Caution must be taken when interpreting the results of these studies as they often lacked an established evaluation framework, and failed to control for independent variables such as participants' prior knowledge and ability, instructor experience and methods, and instructor and participant familiarity with technology. Limitations also included small sample sizes and non-random selection of participants.
Despite limited rigorous evidence, the available literature supports the notion that tele-learning methods achieve comparable learning outcomes when compared with traditional face-to-face learning methods.
Two studies indicated participant preference for more traditional face-to-face education delivery methods over tele-learning methods. However, the literature also indicated a high level of participant satisfaction with telelearning methods, with many participants indicating that they would partake in future tele-learning opportunities or recommend these opportunities to others. Two studies reported a perception that tele-learning should only be used when face-to-face is not feasible and should complement rather than replace traditional teaching. 5, 21 Therefore, like Birden and Page, 22 we could surmise that tele-learning is a useful adjunct to traditional learning methods.
Conclusion
The literature supports tele-learning as an effective means of delivering education that can achieve learning outcomes that are comparable to traditional face-to-face learning methods. The utility of tele-learning infrastructure for enabling distance learning opportunities should be considered. However, the limited availability of rigorous evidence highlights the need for further research to reinforce the equivalency of tele-learning delivery methods.
